Abnormal weather conditions and extreme weather existed over the Kingdom Saudi Arabia (KSA) through the last decades. The present paper investigates the relationship between the Oceanic Nino Index (ONI) and variability of surface air temperature and precipitation rate over KSA through the period from 1950 to 2015 year. The NCEP/NCAR Reanalysis of monthly data sets of the mean surface air temperature and precipitation rate for the domain of the KSA is used. In addition, El Nino3.4 monthly data through the period (1950-2015) are used. For that period, the data set of the three months moving average of Nino3.4 anomaly, Oceanic Nino index (ONI), is used and analyzed. The time series, anomaly and correlation coefficient techniques are used to analyze the data sets through the present study. The results revealed that the KSA climate parameters, temperature and precipitation rates are controlled by ONI mainly in the autumn and winter seasons.
Introduction
In the last decades, the King Saudi Arabia (KSA) suffered from extreme weather events. Extreme heat waves and flash floods became more frequent. There are several scientific literatures challenging the climate changes and the extreme temperature and precipitation over KSA [1] - [6] and more recently by [7] [8] . It is found that the extreme weather over the KSA is related to the atmospheric circulation. The climate of the KSA is instructed by the El Nino Southern Oscillation (ENSO) and other atmospheric circulations such as centers of high and low-pressure [7] . For wet season from November to April, the 6-month averaged Arabian Peninsula rainfall is negatively correlated with ENSO for the period from 1950 to 1979. Meanwhile, positive is correlated to ENSO for the period from 1981 to 2010. The multidecadal variations attributed to the variations in Indian Ocean Sea Surface Temperature (SST) anomalies are accompanied by ENSO [9] . However, the ENSO phenomenon affects the weather and climate of distinct regions of the globe. ENSO is a recurring climate pattern involving changes in the temperature of waters in the central and eastern tropical Pacific Ocean. The ENSO phenomenon is the combination of SOI and El Nino. It is controlling the global atmospheric surface temperature and precipitation [10] - [21] and more recently by Curtis and Douglass [22] . El Nino events are a prominent feature of weather and climate variability with global climatic impacts. It is found that increasing frequency of extreme El Nino events is due to greenhouse warming [23] . The Oceanic Nino Index (ONI) is one measure of the coupled oceanatmosphere phenomenon ENSO. The ONI is the National Oceanic and Atmospheric Administration (NOAA) primary indicator for monitoring El Nino and La Nina, which are opposite phases of the climate pattern called the "ENSO" for short. NOAA considers El Nino conditions to be present when the ONI is +0.5 or higher, indicating the east-central tropical Pacific is significantly warmer than usual. La Nina conditions exist when the ONI is -0.5 or lower, indicating the region is cooler than usual. The ONI tracks the running 3-month Sea Surface Temperature (SST) anomaly in the east-central tropical Pacific between 120˚ -170˚W (Nino 3.4 region). Departures based on a set of improved homogeneous historical SST analyses (Extended Reconstructed SST -ERSST.v4) [24] . Events are defined as 3 consecutive overlapping 3-month periods at or above the +0.5˚ anomaly for warm (El Nino) events and at or below the −0.5 anomaly for cold (La Nina) events. The threshold is further broken down into Weak (with a 0.5 to 0.9 SST anomaly), Moderate (1.0 to 1.4), Strong (1.5 to 1.9) and Very Strong (≥2.0) events Lui et al., (2015) . However, the impacts of El Nino in weather and climate change conditions challenged and it found that these impacts covered wide regions over the globe [25] - [28] . The present work aims to investigate the relationship between the ONI and the surface air temperature and precipitation rate over KSA through the period (1950-2015).
Data and Methodology

Data
The NCEP/NCAR Reanalysis project is using a state-of-the-art analysis/forecast system to perform data assimilation, within resolution of 2.5˚ × 2.5˚ degree lat/long grid, using past data from 1948 to 2016. Monthly data sets of the surface air temperature and precipitation rate over the King Saudi Arabia (KSA) for the period from the year 1950 to the year of 2015 is used. This data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA and [29] . In addition, the monthly data of El Nino 3.4 (5˚S -5˚N and 170˚W -120˚W) over Pacific Ocean from 1950 to 2015 year are used. However, NCEP data sets of temperature and precipitation domain considered in the present work extended to 12˚N -32˚N, 33˚E -60˚E for KSA, see Figure 1 . Moreover, data of the three-months moving average anomaly of El Nino 3.4, Oceanic Nino Index (ONI), for 65 years period from the year 1950 to the year of 2015 is used. This three-month running mean of Sea Surface Temperature (SST) anomalies of Nino 3.4 is according to ERSST.v4, 1971-2000 base period [24] . These data sets obtained from website through the internet of the Climate Prediction Centre at http://www.cpc.ncep.noaa.gov/products/monitoring_data/.
Methodology
Anomaly methodology has been used to analysis the surface air temperature and precipitation rate over the KSA through the study period . The climatic mean values of the surface air temperature and the precipitation rate are taken through the period . Whereas, the period of climatic mean must be a 30 year mean. In addition, the climatic mean through the period (1981-2010) is the recently climatic mean for climatological studies.
Calculation of Seasonal and Annual Averages
The calculations of seasonal and annual averages of temperature and precipitation for each grid point in the domain of KSA, [9 × 12-degree lat/long grids] done. Seasonally and annual averages for the temperature, precipitation and El Nino 3.4 have been calculated using the NCEP/NCAR reanalysis monthly data sets along the period 1950-2015. The seasonal averages through the year are calculated; e.g., for the winter season averages of air temperature, precipitation over the KSA have been calculated using the NCEP/NCAR reanalysis monthly data sets for winter season (December + January + February)/3. The climatic mean of the temperature and precipitation rate are taken for the period (1981-2010). The spring, summer, autumn and annual means of surface air temperature, precipitation rate, El Nino 3.4 calculated in the same manner. However, the interactive plotting and analysis NCEP/NCAR software program is used for this analysis.
Linear Correlation Method
For a linear correlation analysis of the ONI datasets and the mean surface air temperature and precipitation rate over the KSA during the study period 1950-2015, the methodology of Monte-Carlo has been used, [30] . Based on this methodology, a correlation of 0.2 would be significant for degrees of freedom 66. In addition, the time series analysis and the linear correlation method according to Pearson correlation method, [31] is used. The trends for all indices calculated using a simple least-squares linear regression. Statistical significance was determined using the Kendall-tau test. A trend deemed to "statistically significant" if it has at least 90% significance.
Local Significance and Calculation of Correlation Patterns
For given monthly and seasonally resolved means of surface air temperature and precipitation rate at each grid point correlated with El Nino3.4. Each grid point correlation is t-tested for local significance using [32] allowing for temporal autocorrelation according to [30] method. To estimate the correlation, we use the Monte-Carlo methodology. The field significance statistic is the area-weighted average absolute correlation of a given correlation map. The field-significance threshold is the 95th percentile of a 1000-member Monte-Carlo population.
Results and Discussion
The Variability of Monthly Surface Air Temperature and Precipitation
Rate over KSA during the Period (1950-2015)
The NCEP/NCAR reanalysis monthly data of the surface air temperature and precipitation rate (mm/day) for
KSA through the period from the year of 1950 to the year of 2015 used. These data sets are analyzed by time series analysis and anomaly method and it became clear that: 1. The annual surface air temperature composite mean value reached to its maximum value (+30˚C) over the southeastern part of KSA. The annual surface temperature composite reached to its minimum value (21˚C) over the northwestern part of KSA during the period of study , see Figure 2 (a). 2. Analysis of the anomaly of surface air temperature composite shows that the southwestern part of KSA has a negative temperature anomaly of (−0.75˚C) less than its normal. Meanwhile, the northern part of KSA has a positive temperature anomaly reached to (+0.75˚C) more than its normal value over the northwestern part of KSA through the study period, see Figure 2 (b). ) through the period . It illustrated from Figure 3 . 4. Analysis of the annual precipitation rate (mm/day) composite mean for KSA through the period shows that all of KSA has a precipitation rate less than (1 mm/day) except a small part at the southwestern part of KSA it is more than (1 mm/day) and reached to its maximum value (2 mm/day) through the study period. As it illustrated in Figure 4 (a). 5. It is clear that the northern western part of KSA has a positive anomaly of precipitation rate reached to (+0.2 mm/day). In addition, there exist of a positive anomaly of precipitation rate of (+0.6 mm/day) over only the small part in the southwestern of KSA. Meanwhile, the southeastern part of KSA has a negative anomaly of precipitation rate reached to (−0.2 mm/day), as it shown in Figure 4 (b). 6. Analysis of the time series for annual precipitation rate anomaly revealed that there is an outstanding increase in the precipitation rate over KSA through the period of interval (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) 
Analysis of Variability of Oceanic Nino Index (ONI) through the Period (1950-2015)
The data of Oceanic Niño Index (ONI, three month running mean of ERSST.v4 SST anomalies in the Nino 3.4 region (5˚N-5˚S, 120˚W -170˚W) had been used and analyzed through the period . This data analyzed by time series method. Events are defined as 3 consecutive overlapping 3-month periods at or above the +0.5 anomaly for warm (El Nino) events and at or below the −0.5 anomaly for cold (La Nina) events. The threshold is further broken down into Weak (with a 0.5 to 0.9 SST anomaly), Moderate (1.0 to 1.4), Strong (1.5 to 1.9) and Very Strong (≥2.0) events. The results are the following: Figure 6 shows the variability of monthly El Nino 3.4 anomaly through the period . It is clear that SST anomalies in central Pacific Ocean varies from year to year irregular and ranged from +2.3˚C to −2.2˚C through the period of study . 2) Figure 7 shows the variability of ONI index, through the period . It is clear that the range of SST anomaly varies in range +2.2˚C and −1.9˚C. 3) It becomes clear that ONI index is enhancement of monthly El Nino3.4 anomaly data. The ONI index is more liable to identify El Nino, La Nina, and ENSO cases, see 1950  1952  1954  1956  1959  1961  1963  1965  1968  1970  1972  1974  1977  1979  1981  1983  1986  1988  1990  1992  1995  1997  1999  2001  2004  2006  2008 About 44% of the study period, the central Pacific Ocean is in natural case.
1)
Study the Relationship between the ONI and Surface air Temperature and Precipitation Rate over the KSA through the Period (1950-2015)
Here we are using the monthly data of the El Nino3.4, ONI, and the surface air temperature and precipitation rate over the KSA to find out the relationship between ONI and weather conditions for KSA during the period face air temperature over the southern part of KSA. Meanwhile, over Jeddah, the correlation is a negative correlation less than −0.2. Moreover, it is clear that there is a positive correlation +0.2 between the precipitation rate and El Nino3.4 over southern part of KSA see Figure 9 and Table 2 . 4) For spring season (Mar.-May) there is no significant correlation between El Nino3.4 and surface air temperature over the southern part of KSA. Meanwhile, there is a positive correlation + 0.3 between the precipitation rate and El Nino3.4 over southeastern part of KSA and a negative correlation -0.4 over southwestern part of KSA, see Figure 10 and Table 2 . 5) For summer season (Jun.-Aug.) there is a positive significant correlation (+0.3) between El Nino3.4 and surface air temperature over the southwestern part of KSA. Meanwhile, it is clear that there is a negative correlation −0.3 between the precipitation rate and El Nino3.4 over western part of KSA see Figure 11 and Table  2 7) Analysis of three moving average of El Nino anomaly (ONI) shows that there is a significant positive correlation coefficient reached to +0.2 in autumn season between the ONI and surface air temperature over the KSA through the study period see Figure 13 (a) and Table 2 . 8) The maximum correlation coefficient between ONI and precipitation rate is +0.32 over the KSA in autumn season. Moreover +0.23 in winter season. As illustrated in Figure 13 (b) and Table 2 . 
Conclusion
In the present study, we study the relationship between the ONI and surface air temperature and precipitation rate over the KSA through the period . The NCEP/NCAR Reanalysis of monthly mean surface air temperature and precipitation rate data sets for the domain of KSA has been used and analyzed. For that period, the data set of the Oceanic Nino Index (ONI) is used and analyzed. Time series, anomaly methodology, correlation coefficient methods have been used to analysis the datasets. The results revealed that the distribution of annual precipitation rate over KSA correlated to El Nino3.4 mainly over Jeddah, central and southeastern of KSA. For winter season, there is a positive significant correlation (+0.3) between El Nino3.4 and surface air temperature over the southern part of KSA. Meanwhile, over Jeddah, the correlation is a negative correlation less than −0.2. For spring season, there is no significant correlation between El Nino3.4 and surface air temperature over the southern part of KSA. Meanwhile, there is a positive correlation +0.3 between the precipitation rate and El Nino3.4 over southeastern part of KSA and has a negative correlation −0.4 over southwestern part of KSA. For summer season, there is a positive significant correlation (+0.3) between El Nino3.4 and surface air temperature over the southwestern part of KSA. Meanwhile, it is clear that there is a negative correlation −0.3 between the precipitation rate and El Nino3.4 over western part of KSA. For autumn season, there is a positive significant correlation reached to (+0.5) between El Nino3.4 and surface air temperature over the southwestern part of KSA. In addition to that, there is a positive correlation reached to +0.5 between the precipitation rate and El Nino3.4 over central part of KSA. In addition, there is a significant positive correlation coefficient between the ONI and surface air temperature over KSA reached to +0.2 in autumn season. The maximum correlation coefficient between ONI and precipitation rate over KSA is +0.32 in autumn season. Moreover, it reach to +0.23 in winter season. Finally, one can conclude that it is clear that the surface air temperature and precipitation rate over the KSA changes from year to year through the period and it has influenced in distinct parts by ONI variability mainly in the autumn and winter seasons through the period of study.
